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10001] The field of this invention relates to downhole screens, which can be 
expanded into contact with the formation. 
Background of the I nvention 

[0002] Downhole screens are used in a variety of different applications. As part of a 
common procedure called gravel packing, the screens are deposited adjacent the 
producing formation and the surrounding annular space is filled with sand known as 
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screens and atypical example is illustrated in US Patent 5,611,399. 
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longer, it has been desirable to insert screens in well bores or laterals and thereafter 
expand them. A good example of foe expansion techniques for a downhole screen is 
shown in U.S. Patent £,012,522. In fois patent, overlapping segments of screen are 
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, ^ ♦« ™ mansions are: U.S. Patent 5,901,789 and 
[00041 Other patents relating to pipe expansions are. 

5,366,012. 

,0005, ^en^objcctiveofthe^mvennon^aUow^in^onofihe 

„ * the deareddocrfon followed by «pan»on to reduce to. volume of the 

Yetanou^objectoffoeto-tiontotoe^foe 

^ against 4c formation to entirely etontoat. the annrfar sp.ce around it Yet 
m „foer objective of toe P^sen, invention is to afiow ft. - of toe M» - 
^aownhofcev-wrfooutexpansion. Anotoerobjeefive of toe ^.invention 
istodeurease the amount of sWs. on toe fixation member when expand* Yet 
a^toer objective of .toe preset invention is to provide a sigmficanuy stiver 
m for toe finished product, whie* even after expansion presets a gre«er 
stance to cofiaps* Anotoer object of toe dnvention is to provider much as 
po^bto, uniformity to toe opening size of toe filtiation toyer after toe: assembly is 
sanded. Another objective is to pmvide sufficient stongth to toe assembly, after 

Tiese and other advantages of toe present tovotoon will be appreciated by 
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Urn skilled in to «t tan areview of to description of topretored -todbn.*, 

which appears below. » 

nn fMtllT OF ^ INVENTION 

,00,6, A downhole completion method and . expandable Station spparatos are 
asdosei The fflter assembly »mprises a plurality of layer* booming with a coated 
p^toted base pipe, lb. coating rednces to face retired fa expansion. A 
araiMge layer overlay, to base pipe ™fh to fUtiation layer above it Tie damage 
, ayer improves flow toongh to fiUration layer and protects it tan bans in the base 
pipe. A filiation enhancement layer fits over to filtration layer and art enter shtoud 
p ^to^lyd»ringrnnin.llB^ycanbe 0 sedBm^ OT «!«oded 

downhole m one or a series of expansions. > 
BRIEF DESCRIPTION OF THE DRAWINGS 

[00071 Fig.lis cutaway view.paruy in section; showing the filter assembly. 
[00081 Fig. 2 is a section view along lines 2_2 of Fig. 1. 

[00091 Fig. 3 is a section view of a first step in a multi step expansion: of the filter 
assembly. i 

[00101 Fig. 4 is a section view of a second step in a multi step expansion of the filter 
assembly » 

[00111 Fig. 5 is a comparison performance chart comparing a known filter made by 
Baker Hughes called Excluder and two variations of the filter, of . the present 
invention. 

nmr ™ n^TPTTON OF TTTT TT"™°™» EMBODIMENT 



3 



WO 02/23009 



PCTAJS01/27581 



^ innermost layer » a perflated base pip. 10, which has a plutatity.of openmgs 
12. Base pipe U provides a firm foundation ror to layers above. Tire partem of Are 
toles 12 is optimized * stte to tat balance b«w«en collapse resistenc. after 

in to range of «p to about 30%. ITe base pip. 10 can have threes 14 and li a. 
apposite ends to allow actions of to filter assembly Atobeaecured tog**, giving 
greater torsion and tension strength for to filter assembly A. A coating 18 made 
pre^iyfc.maplastiorna.erialcsnb.appUedtotoWd.oftobas.ptoW.^ 

WM Corn, mamrtotores to coating und« to nam. Xylan 1052.Ultima.ely, 
«ta an expand 20 (see Fig 3) is moved through base pipe 10, to coating 18 will 
reduc. to retired expansion tat Tne gmater collars, resiatence of tob.se pip. 
lOpromotesborebotestebflity after espansionrTbe optimi^mrof to openings 12 
promotes to highest mansion rate for a given material tor base pip. 10 * sffll 
lea ving sufficient inflow area throngb to pip. openings or perforations 12. Using 
round, ronuded, or oval opening instead of slots provides for a mechanically stronger 
filter assembly A. In the preferred embodiment, to coating 18 is Xylnr and it can 
provide a reduction ifl reiroired force for a given expansion by as much as 50%. He 
gating 18 also helps resistance to galling by to expander 20 or a sobsequart 
expander such as 22 (see Fig. 4). 

[0013] Mounted above to base pipe 10 is a drainage layer 24. Drainage layer 24 U 
between base pip. 10 and nitration layer 26. Ik. dremage layer 24 promotes flow 
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M toe atrauon lay* * - OP-^ » * *■ »- *» * 10 
^ embodiment - *« * ta ~* M 

of metals. A braided weave design is — —* <*« — 

^^ee^Thep^^is-ilsble^^eyHose^^SM 

SS Braid 600 3M B.^.d I s I na g elave rM proUc«*be«« raa on 1 sy = 2« fi om^ 

to to production, foe prese.ee of foe dminagc layer 24 provides structural support 
for tie fixation layer 26. The bmidrf wire drainage iayer 24 eould be substibfted 
wKh a abroud of some type. aKn to out* shroud 34, .bat would bave standoff ta. 
the base pipe 10. 

(0014, Mounted ovcfoe drainage .aye, 24 « da. lay« 2*. The filtration 

weave This material gives very reliable uniformity to fhe opening size, after 

of too many pamc.es. As abown in Fig. 1, me filtiution layer 2* is oriented at an 
angle to the longitudinal axis of foe filter assembly A This angle can beta the range 
of shout 1 0 to about 80 degrees with about 20 degrees being pmffcred. Orienting foe 
filtering layer 26 at an angle aUows minimization of ehange in opening size and 
resmtingtftom expansion. The Duteh Twill weave provides greater 
durability and partiole holding capaefty. Negative effects on bole size and unifcrmny 

pattem . A reverse weave is one where foe diameter of foe weft (shute) wires 28 . 
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nsto pU«men. of *. filtration layer 26 by a spiral technique 

with . revere weave yields a more predictable and unifcrm opening sise alter 

expansion. 

| M1S 1 Mounted over ifhe filtration layer 26 is me filtration enhancement layer 32. 
TH. layer promo.es greater flow conducrivhy fiom fl>e outermost layer, me outer 

,ayer 26. Ma can be seen in me graph of Fig. 6, where the addition of me filtmnon 
^cement laye* is curve 36. The same filter assembly A of the present invention 
m without the filtration enhancement layer 32 is illustrated by curve 38. Curve 40 
^ents me perfon^nce of a known product mad. by Baker Hugh* culled 
deludes. Fig. 5 readily demonstrates that the addition of the filtration enhancement 
layer 32 needy triples the time it takes to build up .backpressure of 40 PSIG fcr the 
^ flow conditions: Leaving out the filtration enhancement layer 32 also makes 
ftat version of the present invention perform somewhat comp*ably to the known 
Excluder design. Severn! different weave types are suitable for layer 32 such as: 
sqmne weave, Compound Balanced, Tight Tuck, and Braided Weave.. A smtimle 
Compound Balanced mraterid is available ftom Porous Metal Produdts, model # 
CB 3 96 192_21/24.A metallic material is preferred. 

100161 The outer shroud 34 is preferably formed from spirally wmding.a perforated 
she* into a tube. The hole size and pattern is optimized to imitate expansion and yet 
provide sufficient collapse resistance in the expanded state. It is desired to have the 
inflow area of the openings maximized but to limit the opening size and use a 
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^ p^ose of foe orter shreud ,4 is to *~ «- *- — - — 
(luring run iii* 

,,017, The layers can be KM *» swa^ to reduce foe «— 

to expansion and provides greater strength against collapse after expansion. It is 
^ to ^ the components individuafty before swaging or * annea! the 
fifcario. assembly A. after all the events have heen assemble* Doing fots 
^ . grerter degree of expansion wifoo* More This beoefi, is ptfocohtrly 
^.eU.ft.eh^pipelO.The^of^eahngenviaio^disaolnhonanneanng 

to 1800 degrees F. Aanealing of foe base pipe 10 is done before applying foe coanng 
ig^totoin^offtteco^Mfowttts^the^^t-^P^ 
Sintering can be nsed^ of swaging to jmn the layers together. The lay*s .« 
p^feaMy assembled in the Mta*.— *.»——' 
^ 24 is placed on foe base pipe 10 which has previously beat drifted with holes, 
eoaredandforeaded. ^ foe filuadon Uyer 26 is wmppcd a. ^ angle over foe mp 
of foe dreinag. layer 24. Atrofoer layer, called ** *— «*— 1 32 " 
pUoedoverfoetop of foe ftlftauonlayer 2*. Then, . ou.es shreud 34 is pieced over 
.he ffltrarion e»h*>cefoent tayer 32 and the fotdl package is rnn fomngh . ae, of dies 

^aownbx.leoinot.Jfi.isootexp^itcanbegrave.pac^mfoehnown 
manner. Figs. 3 and 4 fflnstrate a unique atep_wise expansion teohnio.ee. In a first 
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^, m expander 2. ^ n«y be a & rf c»ne or a cone wtth VMi^bl. dimeter ^ 
^ved downwardly through the filter assemblyA to achieve about a 15% expansion. 
A, *. .ower end of to filter aaaembly A a cone latch 42 engages a fixed or variable 
diameter expander or none 22 to inctease to overall expansion to as mnch . SON. 
As previoosly sWed.imore expansion steps can be nsed and different degrees of 
aep.wise expansion and overall expansion cm be obtained with this techniqne. It 
sho^d be noted that to second expansion does no. necessarily have to proceed in a 
direction opposite the first expansion. 

[0019] Tbere are many applications of to filter assembly of to present invention. In 
horizontel open ho!, completions tore are nsnaDy more than 1,000 feet of contact 
w«h to productive formation, sometimes in excess of 9,000'. Because tore is so 
m uchcontae. to amount of produotionper foot is verylow. In most, case* if the 
theoretic* production p« foot was uavding into a screen dhectiy opposite of to 
formation ton to velocity would be too low to transport sand fiom unconsolidated 
fixations or cense erosion. There am many wells inwhicb erosion is. taking place 
aed^disbdngproduced. Pre»nuyth.re axe a couple of theories tot explain tins 
occurence. Reformations may be so una»nsolidatod tot toy simply fidl apart 
when to pmssure m to well bore used to control to well during Idrillmg and 
feting to well is removed. Tbis is referred*, as hole or tarnation: collapse. A 
second possibly is ttuuflmd flows along to Wsmaybe 
eutoinrideofascreontotisinptaceoralongtheoutside. As to flow ptoceed* 
towards to beginmng of to op«. hole section, to accumulative effects of 
production means to velocity is much higher towards to top section (beginning) of 
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the scr^tototnspottsaud and to erodeto fafnationand screen. 

p«| By expanding screen in - op*. We horizon*! well to annu.us between to 

^^fcta-ta-t..-*--*""-*** 1 - Redhcfionofto 

„» tow. velocities near to wdl bora and torefcre tea sand transport**!* and 
less erosion effects. • 

(Mill Expansion cm also aid in formation stability by physmally supporting to 
fonmrnoniftoscreenmexpandedun^^^ Waanpportin 
torn could prevent the collapsing of die femndibn when the pressure in the well bore 
is reduced. 

. [M221 In cased hole amplications ffflnton assembly A offers the advantage of a large 
j^diameterfcrremedielworkbelowta 

tepacto andgrevelpacks dttk necessary to do is «o place to pn.pp.nt or t»d 
jntoperfartonunn^ai>dfbrn«to Annular packs betweto to screen 

and to casing, which are often difficult to achieve, are not necessary since expanding 
sceenn^vesthis anmdus. 

with a fine pack or gravel pack and sobse^eofly expanded to back fill any voids in 
to aunulus I pack or perforations not filled. 
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We claim: 

a base, pipe havtag an taide .surface, a longitudinal ,axU, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, said layers 
each being annealed to facilitate subsequent expansion downhole. 

2. The assembly of claim 1, wherein: 

said filtration layer and said base pipe are individually annealed prior 

to being joined together. 

3. The assembly of claim 1, wherein: : 

said filtration layer and said base pipe are annealed after being joined 

together. 

4. The assembly of claim 1, wherein: 

said filtration layer and said base layer are swaged together and said 
annealing farther comprises solution annealing at up to about 1800 



5. The assembly of claim 1, wherein: 

said inside surface of said base pipe is coated to reduce the force 

neededifbr subsequent expansion. 

6. The assembly of claim 5, further comprising: 

an expander capable of multi-stage expansion of said base pipe and 

said filtration layer. 

7. The assembly of claim 6, wherein: : 
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said staged expansion occurs in a single direction. 

8. The assembly of claim 6, wherein: 

said staged expansion occurs in opposed directions. 

9. The assembly of claim 6, wherein: i 

Ap<\ i« staees up to about 30% above its original 
said base pipe is expanded m stages up u> 

dimension. 
10 The assembly of claim 6, wherein: 

wherein one of m weft and warp wires is disposed at an angle of 
10*0 degrees with respee. to the ta*— «**■ ^ baM 
pipe. » 

11 The assembly of claim 10, wherein: I 

^d weft wires have . larger diameter .ban add warp wnes by as 

much as about 50%. 
12 The assembly of claim 10,wherein: > 

said at leas, one fitata layer father eompriaes a woven drainage 
layer on anidbase phpe »d amain nftmnon Uyer. said »layer 

^t^saidrnatafito^layern™^ 
pipe^provitogm^cals^forsaidmatofilWiooiayer. 

13 Theassemblyofclaiml2,nirlberc«nprismg: 

a fitonon enhancement Uyer mounted ov« »id main fimanon layer 
aad farther comprising a weave,said dminage layer and said nitration 



11 



PCT7US01/27581 

WO 02/23009 

icemen. Uyer are spirally ™nd * <*« "ir* to 

14. TheasseniblyofclahnlO, wherein: i 

said openings in »M base pipe «* rounded or oval. 

15. An expandable filter assembly for do»nhole use, coinprising: 

a base Pipe having an inside .surface, a longitudinal «k. »nd a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, 
• inside surface of said base pipe is coated to reduce the force 

neededifor subsequent expansion. 

16. The assembly of claim 15, wherein: i 

said coating is made of a plastic material and said openings are round, 

rounded or oval. 

17. The assembly of claim 15,further comprising: 

an expander capable of multi-stage expansion of said base pipe and 

said filtration layer. 

18. The assembly of claim 17, wherein: l 

said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis:of said base 
pipe. > 

19. The assembly of claim 18, wherein: i 
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said layers 



each being anno** •> ****** 



downhole; 

^ ffl na»on and said base fcyer » swaged - ^ 

ceding further oompri^s sottion an»abng * «P » *- 1800 



20. An espaadable filter assembly fcr downhole use, compmmg: 

. v • . m inside surface, a longitudinal lards, and a 
a base pipe namng an rosiae saamx, 

plurality of openings; 

atleastone filtmfion layer mounted over said base pipe; and 

an expander capable of multi-stage expansion of said base pipe and 



in stages up to about 30% above its original 



said filtration layer. 
21. The assembly of claim 20, wherein: i 

said base pipe is expanded in stages 1 
dimension* 

22. The assemblynf claim20, wherein: i 

aaid layers each being annealed to facflitale subserprent expansion 

downhole; 

aaid filtration layer and said base layer are swaged together and said 
sealing ferine, comprises solution annealing « up to about 1800 



23. The assembly of claim 22, wherein: s 
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said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis.of said base 
pipe. » 

24. An expandable filter assembly for downtaole use, comprising: 

' a base, pipe having an inside .surface, a longitudinal laris, a*d a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, 
said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axisiof said base 
pipe, i 

25. The assembly of claim 24, wherein: i 

said weft wires have a larger diameter than said warp wires by as 

much as about 50%. 
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